The anticipated influenza B epidemic materialized late in November, 1945 and reached its peak during the month of December. Sporadic cases were recognized in the United States (1) for a period of some months preceding the actual epidemic. The importance of recognizing this preepidemic period is unquestionably a necessity in order to avail ourselves of the prepared vaccines. It has been demonstrated (2-12) that immunization against the influenza viruses elicits an antibody increase and offers protection to the experimental inhalation of the virus strains. Francis and coworkers (13) have demonstrated further that vaccination with inactivated influenza viruses Types A and B offers protection against influenza B during an epidemic., That this epidemic was due to Type B has also been shown by Dalldorf and Rice (14) .
It is recognized that other agents are responsible for certain cases of bacteria-free pneumonias. Clinically these various types of virus pneumonia often resemble each other. It is essential, therefore, to determine, if possible, the agent responsible for the infection. Their differentiation may be made by isolation of the virus or by serological studies. In many instances, failure to isolate an organism does not eliminate its possible role as causative agent. On the other hand, the development of specific antibodies in convalescent sera is one criterion that is considered to be conclusive evidence of contact with the specific antigen. Many agents have been isolated and serological technics for their identification have been developed.
These various viral technics available for laboratory diagnosis are now routinely employed in many laboratories. The examination of serum samples for the presence of antibodies to viruses, as well as those producing a clinical syndrome 1 Aided by a grant from the Hendricks Research Fund. similar to that produced by virus agents, may be made by the Hirst test (15) for influenza; cold agglutination (16) or its modification (17) , and the indifferent Streptococcus MG (18) for atypical pneumonia; and the commercial product Lygranum CF 2 (19 to 23) for members of the psittacosis group. The experiments were designed in order (a) to ascertain the approximate time of the epidemics' appearance or an indication of the epidemics' approach by pre-epidemic increases in serum antibodies, (b) to determine the nature of the epidemic in this area, (c) to determine the effect of vaccination, and (d) to determine what antibody titers may be expected in a group of presumably normal individuals.
MATERIALS AND METHODS
Sera were derived from 2 sources. One group was obtained from 52 medical students who were bled each month for a period of 9 months from October, 1945 to June, 1946, inclusive. In this group 3 were females and the remainder were males. Of these, 15 students were given the concentrated A and B influenza vaccine prepared from chick embryos. Except for 1 member of this group, all received their vaccinations after their second blood specimen had been obtained. The lone student was vaccinated after his third blood sample had been taken. The 
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epidemic period. In all cases, attempts were made to obtain a convalescent phase serum sample. Wherever cooperation was lacking, the acute phase sample was placed in the "single serum group" (these are discussed more fully under results). All acute phase sera were taken upon admission to the infirmary and in most cases were obtained during the first 2 days of illness. The convalescent sera were obtained 2 to 6 weeks following infection. The clinical diagnosis of this group was varied, but all were considered to be respiratory infections. The number of males and females in this group was approximately equal.
All sera were handled in an identical manner. The blood samples were obtained under sterile conditions and maintained in the sterile state. Upon receiving the blood sample, it was allowed to stand at room temperature for several hours, then centrifug~ted, and the serum removed. All sera were frozen and stored at -70°C. until ready to be tested. Prior to the titration of the serum, it was thawed and sufficient amounts removed and inactivated at 560 C. These were to be used in the agglutinationinhibition and complement-fixation tests. The cold agglutination and the streptococcus agglutination tests were made immediately following the thawing of the serum sample. All sera from the same individual were treated at the same time using the same test preparations.
The sera were stored in sterile vials. All Henle and coworkers (12) discuss the possibility of crossing the strains, which, on the basis of Ziegler's and Horsfall's work on interference (24), appears to preclude this possibility. However, titrations in immunized mice demonstrated that our virus strains were pure.
Complement-fixation: All sera were tested for antibodies to members of the psittacosis group of viruses with Lygranum CF. To 0.2 ml. inactivated serum dilutions, 0.2 ml. complement (2 units) was added, followed by 0.2 ml. antigen (1 unit). These were placed in a 370 C. water bath for 1% hours and then 0.4 ml. sensitized cells were added to all tubes. These were then further incubated for M hour and reading made. The usual anticomplementary and non-specific controls were included in all tests. The titers of sera giving 50 per cent or better fixation were considered positive and are expressed as initial dilutions.
Included with all tests, i.e. cold agglutination, streptococcus-agglutination, agglutination-inhibition, and the Lygranum complement fixation tests, were positive serum controls.
RESULTS

Patients
An increase in admissions to the student infirmary became apparent late in November. The total of 80.0 per cent shows a 4-fold or better increase in antibodies to influenza B.. The sera were divided into 2 groups for convenience, one group consisting of the paired sera, the other group composed of a single serum sample. The results obtained from the cold agglutination, indifferent streptococcus No. 9 agglutination, complement-fixation (for members of the psittacosis group) and agglutination-inhibition (for influenza A, B, and Swine) tests on the first group are shown in Table II. Of the 25 paired sera, 3 showed increases in cold agglutinins, whereas 3 showed cold agglutinins but no increases or a drop in titer during convalescence. Of the 3 with titer increases, patients Nos. 58 and 108 were diagnosed clinically as atypical pneumonia with characteristic pulmonary involve-ment. Case 96, although showing a rise in cold agglutinins, demonstrated a more significant increase in influenza B antibodies. Clinically, this patient did not have any extensive pulmonary involvement and was considered to be influenza B. Patients 79, 85, and 86 all showed the presence of cold agglutinins. These titers, because of their failure to increase, were considered to be of little significance, and therefore, non-specific in nature. 80  80  320  80  160  160  160  160  80  80  80  80  40  40  160  320  320  320  80  80  80  160  40  60  160  320  160  320  80  80   640   640  160  160 0  0  80  60  40  40  20  20  20  20  40  40  40  40  160  320  640  640  40  40  320  320  40  40  320  640  320  320  160  320  80  80  80  80  960  1,280  1,280  1,280  640   320  320  60  320  320  160  320 Sixteen patients demonstrated antibodies to the indifferent streptococcus MG No. 9. Their titers ranged from 10 to 40 without any showing significant increases. Of the patients showing increases in cold agglutinins, patients 96 and 108 gave a 2-fold rise in streptococcus antibodies. Patient 58, although diagnosed as atypical pneumonia, did not have any agglutinins for this indifferent streptococcus. Many of the patients with influenza B hadlow titers for this organism.
In this group, there were no complement fixing antibodies to the members of the psittacosis group. Several, however, were reactive with the normal chick embryo control.
The titers for influenza A and Swine influenza showed no significant increase although several had high antibody levels. When tested against the Lee strain of influenza B, 15 patients showed 4-fold or better increases in their convalescent sera. Five patients showed only 2-fold or even no increase over their acute phase titers. However, inasmuch as the acute phase sera were obtained after several'days of illness and the titers were quite high, we have considered them to be indicative of influenza B.
Of the single serum group, 7 patients demonstrated cold agglutinins in titers ranging from 10 to 60. A large number showed agglutinins for the streptococcus; and, as in the other group, they were mainly of low titer. One serum however, had a titer of 160. This titer along with a cold agglutinin titer of 60 and low influenza titers makes one strongly suspect a possible atypical pneumonia. There seemed to be little correlation between the cold agglutinin and the streptococcus titer, as in the other group.
Titrating these sera for antibodies to the psittacosis group gave 3 positives. Two of these were quite low, a 1: 5 serum dilution in each case giving better than 50 per cent fixation, while one serum titered to 20.
The influenza results are the usual titers obtained when single serum samples are titrated. A wide individual variation was apparent. Several of the sera did show high titers, one giving a titer of 10,240. These sera that had high influenza B antibodies were from students who had been ill several days before entering the infirmary. This would account for the high titers due to the rapid production of influenzal antibodies.
Many of the patients from whom only single serum samples were obtained perhaps would have demonstrated antibody increases had convalescent serum been received. In some of these, as stated above, where the acute phase specimen was taken after a few days of illness, significant titers may be noted.
Students: The sera obtained from these students were handled in the same manner as the hospitalized patients. All 9 serum samples from each student were titrated at the same time using the same test materials. Of the 52 students, 3 were unable to continue after their fourth bleeding. Their 4 samples, however, were tested.
The majority of the student serum samples had titers of less than 10 for cold agglutinins. There were a few that showed a titer of 10 and some a titer of 20. There was only 1 student with a titer of 30 and again only one had a titer of 40. No greater titers were obtained. Although there was a greater number of students with titers for the indifferent streptococcus, here, again, relatively low titers were obtained throughout. There seemed to be little correlation between the presence of cold agglutinins and streptococcala.ntibodies as was noted in the hospitalized group. There may have been a slight correlation between streptococcal antibodies and the presence of upper respiratory infections such as colds and sore throats, but the evidence is insufficient to warrant any definite conclusion.
With regard to the psittacosis group, there were a few sera that gave positive reactions for the group antigen in dilutions of 1: 5. In 1 case, all 9 sera, i.e., each monthly sample, were positive at this dilution. The other sera were positives usually for 1 or 2 months at most. These positives did not react with the normal control antigen. In a few other instances, there were some students who had sera that reacted both with the test antigen and the control antigen. These apparently were non-specific, and so were not included with our positive results. Each number represents the number of students having that titer for the designated antigen in each represented month. Fifteen students in this group were vaccinated with the army vaccine against influenza A and B following their November bleeding. The first two serum samples were quite low when tested for influenza A and in the main showed very little variation during the course of the winter. It may be seen in Table  III that the majority of students did not demonstrate titers greater than 320. The unvaccinated group maintained a constant titer with some students showing a 1-tube variation which was considered insignificant. Two members had no demonstrable titers for the entire period, while 5 students, although initially having no titer, developed antibodies during the course of the winter. The vaccinated group demonstrated, in most instances, at least a 4-fold antibody rise. However, 3 members of the group gave only a 2-fold rise and 2 members showed no antibody increase at all. Of those producing increased antibody levels, the levels resulting were variable with relation to the increase and duration. Several maintained constant titers for the 7 tested months following their vaccination, whereas others demonstrated antibody decreases for 1 or more months previous to their last sample.
The titers for influenza B were considerably higher in the majority of cases. Table III shows that the majority of students had antibody titers greater than 320. This was evident before the start of the vaccination program and was considered to be indicative of subclinical infection prior to the beginning of this study. Several unvaccinated students demonstrated 4-fold or better antibody rises to this virus in their December sample. None of these had reported infection or any illness during the preceding month. This would appear to indicate that they had come in contact with the virus during the epidemic without any apparent effect other than the stimulation of influenza B antibodies. As in influenza A, there are individual variations in the duration of the antibody level. Interesting is the fact that the titers of those receiving the vaccine became higher for this virus than for the Type A strain. The high initial titer, i.e., the antibody level of October's serum sample, would seem to indicate that contact 40 9 9 8 6 5 5 5 5 16 80 14 15 12 10 9 6 9 9 14 160 13 13 17 16 18 6 19 19 14 320 4 3 5 9 4 21 4 4 0 2 2 0 0 0 0 0 0 0 40 2 3 1 1 1 1 2 1 1 80 4 2 1 2 2 2 1 2 2 160 4 5 4 1 2 3 4 3 3 320 8 6 4 7 8 4 4 7 10 7 9 8 8 6 6 6 -6 2,560 4 5 8 8 9 9 9 9 9 5,120 6 5 8 7 3 4 5 5 to the virus had been made, and makes us feel that the virus was present in the community several months prior to the actual outbreak. We were interested in observing that the general titers for Swine influenza, although not comparable to those for influenza B, were usually higher than those for influenza A. There appeared to be little effect resulting from the vaccination; only 3 of the 15 had more than a 2-fold antibody increase. Also, the titers of this group appeared to have very little relationship to the influenza A titers. Three members of this group demonstrated no antibody level during the entire series.
We have averaged the titers of the vaccinated and unvaccinated groups for each month. The averaged titers for each group are represented in Figure 1 . It is evident that the titers for influenza A few of the students were ill with influenza B, as is evident by the increased antibody titers seen in the serum samples following their illness. In some cases, as mentioned above, antibody increases were obtained, but without any history of illness prior to the antibody increase reported.
The individual variation to vaccination is quite apparent in several cases. For example, student 10 ( Figure 2 ) maintained a constant titer for influenza A and Swine, of 160 throughout the test period. On the other hand, his titer for influenza B remained unchanged following his vaccination but jumped from a relatively high titer to a much higher titer 2 months after vaccination. This higher titer was maintained for a period of 5 months before dropping to its original level. Another student, No. 17, also showed no reaction to the vaccination, maintaining the same level for all 3 viruses for some time.
These titers with several other representative titrations may be seen in Figure 2 . It is quite apparent that individual variation with response to vaccination and infection may be noted in immunological studies of this type.
DISCUSSION
The evidence presented indicates that the epidemic in the civilian population of this' area was due to influenza B. Indications for the presence of this virus in the population previous to the actual outbreak have been mentioned (1, 13, 25) , and further evidence is now reported.
The importance of recognition of the virus in advance of the epidemic cannot be stressed sufficiently. The value of vaccination during this epidemic and the importance of the agent's recognition have been stressed by Francis and coworkers (13) . We can only speculate, but the use of influenza vaccines at the proper time may well have reduced our number of cases considerably. That there were many more cases among the population (29) , cannot be answered yet.
Our results would seem to indicate that the titers obtained for Swine influenza could be due only to infection with an agent containing Swine antigenic components. This would be possible only if infection occurred with an A strain composed of some Swine components, a Swine strain which is a variant of influenza A, or a B strain with Swine components. This last possibility is unlikely unless there is a B strain as yet unisolated or untested for the presence of common antigenic fractions with the Swine strain. If the Swine titers are due to infection with an A type, what happened to the A antibodies? Several of our group had no measurable amount of A antibody. Does the A antibody disappear before the Swine antibody? It appears that the probable explanation is that the Swine strain is a type A strain differing from the PR 8 strain in its antigenic structure.
From the results it is evident that the individuals' immunological response to these 3 influenza strains are in many instances completely independent.
With our results, we were able to ascertain many of the answers to our questions. Although the vaccination occurred incidental to our original experiments and the members vaccinated are relatively few, the results of the vaccination confirm the findings of other workers in that usually strong results were obtained. The somewhat ambiguous immunological response demonstrated by a few does not appear to belittle the actual efficacy of vaccination. This seems to be in accord with the findings of other workers (12, 26) . As would be expected, the antibody level of such a group would be varied. In all cases, the antibodies present were indicative of the patients' past contacts. In most cases, antibodies were present for the influenza viruses. One must also consider the possibility of other respiratory infections which are clinically similar to influenza. These may be differentiated only by the failure to produce a specific influenza antibody response and the production of an antibody to the particular etiological agent. Such agents are members of the psittacosis group (22, 31, 32, 33) and the virus of atypical pneumonia (30) . Florman (23), employing Lygranum CF for studies on these agents as possible causes of virus pneumonias, suggests employment of this type of antigen for the diagnosis of agents of this group. As we have demonstrated, the presence of antibodies to the psittacosis group were few and the titers obtained could easily have been non-specific. Several workers have reported that a low percentage of normal sera will give positive reactions with antigens of this nature when employed in low dilutions (21, 23, 34, 35) . None of the students gave histories to indicate contact with members of this group. The patient who titered to 20, was Frei negative and unable to give a history of contact with birds. The interpretation of this titer is, therefore, difficult.
The value of cold agglutinins and streptococcal agglutination is still questionable. On the basis of our results, their value still remains an enigma. However, in agreement with Favour (36) 
